INTRODUCTION
Patients diagnosed with rhabdomyosarcoma (RMS) who relapse have a poor prognosis. 1, 2 This is especially true for patients with alveolar histology; stage 2 or 3 and clinical group II or III embryonal histology; or those with stage 1 or clinical group I embryonal tumors who were initially treated with vincristine, dactinomycin, and cyclophosphamide (VAC). For these patients, the 5-year postrelapse survival rate is approximately 10% compared with that for a relatively more favorable group comprising those with botryoid histology and stage 1 or clinical group I embryonal tumors treated with vincristine and dactinomycin in whom survival is approximately 50%. 2 The Soft Tissue Sarcoma Committee of the Children's Oncology Group (COG) chose to evaluate the activity of two schedules of irinotecan in a group of patients with an unfavorable prognosis and measurable disease.
Irinotecan (CPT-11; 7-ethyl-10-(4-[1-piperidino-]-1-piperidino)-carbonyloxycamptothecin) is a synthetic, water soluble analog of camptothecin that stabilizes topoisomerase-I DNA adducts resulting in single-strand DNA breaks and cytotoxicity, mainly in the S phase of the cell cycle. 3 Xenografts derived from untreated patients with RMS have been shown to be highly responsive to irinotecan. 4 In addition, RMS xenografts that were resistant to vincristine, melphalan, and topotecan responded to irinotecan. The antitumor activity of irinotecan in RMS and other tumor xenograft models is highly schedule dependent, and prolonged exposures result in improved tumor responsiveness. [5] [6] [7] [8] In addition, vincristine shows synergism with the camptothecins.
9,10
Clinical trials with irinotecan have used both a short and a prolonged schedule in phase I studies conducted by the Pediatric Oncology Group 11 and St. Jude Children's Research Hospital 12 (daily for 5 days v daily for 5 days, 2 days off, and then an additional 5 days, respectively). The respective dose-limiting toxicities were myelosuppression and diarrhea. Since the administration schedule of irinotecan appeared to be an important in vivo determinant of antitumor activity, we conducted a highly innovative, randomized phase II window trial to directly compare two schedules of irinotecan together with vincristine in patients with RMS at first relapse or disease progression.
PATIENTS AND METHODS
Patients eligible for COG-ARST0121 had biopsy-proven RMS, undifferentiated sarcoma or ectomesenchymoma, and were younger than 21 years of age at the time of initial diagnosis; experienced first relapse or disease progression; and had an Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1, or 2 and a life expectancy of at least 2 months. Adequate organ function was required as defined by a hemoglobin Ͼ 10 g/dL (transfusion allowed); absolute neutrophil count Ͼ 750/L; platelet count Ͼ 75,000/L; serum creatinine Ͻ 1.5 ϫ normal for age or creatinine clearance/radioisotope glomerular filtration rate Ͼ 70 mL/min/1.73 m 2 ; serum bilirubin Ͻ 1.5 ϫ normal for age; serum alanine transaminase Ͻ 2.5 ϫ normal for age; and left ventricular shortening fraction of Ͼ 27% by echocardiogram or ejection fraction of Ͼ 50% by gated radionuclide scan. Any CNS toxicity had to be grade Ͻ 2, and adequate control of any seizure disorder with anticonvulsants was required. Patients who had received more than one prior chemotherapy treatment regimen, those with prior exposure to anthracyclines, ischemic heart disease, myeloablative chemotherapy followed by hematopoietic stemcell rescue, disease impinging on or within the brain and spinal cord, and those who were pregnant/lactating were excluded. Written informed consent was required from all participants and/or their parents/legal guardians after all institutional, US Food and Drug Administration, and National Cancer Institute (NCI) requirements for human studies were met.
Clinical Trial Design
The overall experimental design of the ARST0121 trial is shown in Figure  1 Table 1 . Those who were ineligible for and who refused random assignment and those who demonstrated less than a PR to 6 weeks of irinotecan-vincristine window therapy were nonrandomly assigned to 31 weeks of multiagent chemotherapy including doxorubicincyclophosphamide together with tirapazamine 330 mg/m 2 intravenously on day 1 alternating with etoposide-ifosfamide (regimen 2). Patients with a favorable prognosis (botryoid histology at initial diagnosis, any stage or group, and embryonal tumors that were stage 1 or clinical group I at initial diagnosis, not treated with VAC, and who recurred either locally or regionally) at the time of relapse were assigned to 31 weeks of multiagent therapy identical to regimen 2 but without tirapazamine (regimen 3). The outcomes for patients treated with regimens 2 and 3 will be reported separately.
Statistical Analysis
This analysis compares the response rate, toxicities, failure-free survival (FFS), and overall survival (OS) of patients treated on regimens 1A and 1B. The study was powered to detect a 25% improvement in the response rate to regimen 1A compared with 1B (␣ ϭ .1, 1-␤ ϭ .9, one-sided test favoring regimen 1A since the only difference of clinical importance was an improved response with the more prolonged but inconvenient schedule of regimen 1A). A sample size of 51 patients per arm (102 randomly assigned patients) was required to detect a significant improvement in response rate. CR was defined as disappearance of all target lesions, PR as a Ն 30% decrease in the dimension used to define the target lesion, progressive disease (PD) as a Ն 20% increase in the measurement used to define the target lesion, and stable disease as insufficient tumor shrinkage or increase to be considered PR or PD. Toxicities were reported using the NCI Common Toxicity Criteria. Fisher's exact test was used to compare the difference in proportions for baseline patient characteristics and treatment response between regimens 1A and 1B. The estimation of survival was performed using the Kaplan-Meier method, and the curves were compared using the log-rank test. OS was defined as the time from enrollment to death from any cause. FFS was defined as the time of enrollment to disease progression or death. A P value Ͻ .05 was considered statistically significant.
RESULTS

Patient Characteristics
COG-ARST0121 enrolled 139 patients between June 2002 and October 2006 (Fig 1) . Ninety-three patients were enrolled and randomly assigned between the prolonged (regimen 1A) and the short (regimen 1B) schedules of irinotecan together with vincristine, and one was deemed ineligible on regimen 1A because there was no informed consent available. Characteristics of patients, including age, histology, primary site, size of the largest lesion, and whether the recurrence was local, regional or distant, were similar for those treated on regimens 1A and 1B (Table 2 ). However, there was a larger proportion of males on regimen 1B compared with 1A (70% v 40%; P ϭ .004; Table 2 ). Recurrences were local in 25 patients; regional nodal in seven; distant metastatic in 36; combined local and regional nodal in five; combined local and distant metastatic in 10; and combined local, regional nodal, and distant metastatic in two. Types of recurrences were well distributed between the two regimens. Data on site of recurrence was not available for three patients treated on regimen 1A and for four treated on regimen 1B.
Toxicity
Toxicity was evaluated for the first 6 weeks of therapy on regimens 1A and 1B. There were no unexpected toxicities or deaths during this time. Fifty percent of patients on regimen 1A and 66% on 1B experienced grade Ն 3 toxicity in the first 6 weeks of therapy. When comparing several important toxicities between regimens 1A and 1B, we did not observe statistically significant differences in diarrhea (22% v 13%; P ϭ .23), anemia (39% v 28%; P ϭ .31), or need for packed red cell transfusion (31% v 21%; P ϭ .21). Although neutropenia was less common on regimen 1A (16% v 34%; P ϭ .04), there was no difference in the incidence of febrile neutropenia between the two regimens (4% v 13%; P ϭ .27). Two percent of patients had grade Ն 3 thrombocytopenia on both regimens.
Response
Response at week 6 could be assessed in 89 of 92 randomly assigned patients (42 on regimen 1A and 47 on regimen 1B). Three patients on regimen 1A were not evaluable (one withdrew consent, one did not complete window therapy, and one had a response that could not be assessed because of a metal artifact on the radiographic scan). Response data are provided in Table 3 . The overall objective response rate (CR ϩ PR) to the phase II window was 31.5%. There was no statistically significant difference between the response rate for regimen 1A (26%; 95% CI, 16% to 42%) and regimen 1B (36%; 95% CI, 25% to 51%; P ϭ .36). Of note, there were no CRs on regimen 1B. There were 10 responses (four CR, six PR) seen in 21 patients with alveolar RMS on regimen 1A. A similar response rate was noted on regimen 1B in which 13 responses were seen in 27 patients with alveolar RMS. Patients with alveolar RMS had a significantly higher response rate when compared with patients with embryonal or other RMS when treated with regimen 1A (48% v 5%; P ϭ .01) versus regimen 1B (48% v 20%; P ϭ .08). 
Survival
The 1-and 3-year FFS rates for the randomly assigned cohort were 38% (95% CI, 28% to 48%) and 15% (95% CI, 8% to 23%), respectively. Figure 2 depicts the FFS of patients treated on regimens 1A and 1B. FFS was similar between the two regimens (P ϭ .95). The respective 1-year FFS rates on regimens 1A and 1B were 37% (95% CI, 23% to 51%) and 38% (95% CI, 25% to 52%); these declined to 14% (95% CI, 5% to 27%) and 15% (95% CI, 7% to 26%) at 3 years. The median time to disease progression was 0.5 years on regimen 1A and 0.7 years on regimen 1B. The respective 1-and 3-year OS rates for patients treated in the phase II window were 57% (95% CI, 47% to 67%) and 28% (95% CI, 18% to 37%). Figure 3 displays the OS on regimens 1A and 1B. The 1-year OS rates on regimens 1A and 1B were 55% (95% CI, 39% to 68%) and 60% (95% CI, 44% to 72%); these decreased to 34% (95% CI, 20% to 49%) and 22% (95% CI, 11% to 35%), respectively, at 3 years (P ϭ .68). The median survival times were 1.4 years for regimen 1A and 1.3 years for regimen 1B.
DISCUSSION
Irinotecan was identified as an active agent for RMS on the basis of significant preclinical work. 4, 5 Investigators have demonstrated that prolonged exposure to irinotecan results in improved tumor responses in human colon cancer and RMS xenografts.
5 Other investigators showed similar results with prolonged irinotecan exposure in ovarian, soft tissue sarcoma, neuroblastoma, and medulloblastoma models.
6,7 Prolonged and short schedules, as well as single infusions of irinotecan alone or in combination with other agents, have been investigated in the traditional phase II setting in various pediatric target tumors such as neuroblastoma, Ewing sarcoma, Wilms tumor, and certain malignant brain tumors.
13-21 Although preclinical models suggested that a prolonged administration schedule of irinotecan would be more effective than a short schedule, the prolonged schedule is less convenient for patients. No trial to date has compared the prolonged and short schedule. Our study was designed to determine whether the prolonged schedule was superior to the shorter, more convenient schedule. In addition, we tested the two schedules of irinotecan in patients with a historically poor outcome, reasoning that activity in recurrent tumors would predict a higher likelihood of improving survival rates in newly diagnosed patients.
The COG Soft Tissue Sarcoma Committee has conducted several up-front, phase II window trials in patients with previously untreated high-risk RMS. 13 To the best of our knowledge, this is the first reported randomized phase II window clinical trial conducted in children and adolescents with RMS at first relapse or disease progression. A relatively large number of patients participated on this study. The toxicity experienced on this trial was similar to that in previous studies, 11, 12 in that patients treated with the short schedule were more likely to experience myelosuppression when compared with those treated with the prolonged schedule who were somewhat more likely to experience diarrhea. The response rate of 31.5% to irinotecanvincristine was modest, particularly compared with the 70% response rate seen in an upfront phase II window trial in previously untreated patients with metastatic RMS. 10 Responses to phase II therapy may, in part, be dependent on prior therapy. The phase II study of topotecan as a single agent showed no responses in 22 patients with recurrent RMS, 22 while the combination of topotecan and cyclophosphamide showed a 67% response rate (10 of 15 patients with recurrent RMS). 23 Our trial revealed no differences in response rates between the two schedules of irinotecan, disproving the preclinical prediction of superior activity with a prolonged schedule. One can speculate on why the preclinical data did not translate similarly in this clinical trial. First, vincristine is one of the most active agents against RMS and has been used to treat all newly diagnosed patients with RMS in every Intergroup Rhabdomyosarcoma Study (IRS) and COG study. [24] [25] [26] [27] [28] [29] When irinotecan was tested alone in a phase II window using the prolonged schedule in previously untreated high-risk patients with RMS, the response rate was 42% and was associated with 32% of patients experiencing PD. 10 However the response rate increased to 70% when vincristine was added, with only 8% of patients experiencing PD.
10
Perhaps the addition of vincristine to irinotecan abrogated any difference in response rate that would have been observed had the two schedules been compared using irinotecan as a single agent. Second, although the mouse RMS xenograft has accurately identified agents with clinical activity, like all preclinical systems, there are limitations when predicting response and outcome in patients, especially when agents are used in combination. Indeed, topotecan was identified as an active agent in the mouse RMS xenograft and even had significant activity in patients with high-risk and recurrent RMS when combined with cyclophosphamide.
5,30,31 However, when topotecan and cyclophosphamide were combined with vincristine and given as cycles alternating with standard VAC therapy, topotecan and cyclophosphamide failed to improve the outcome of newly diagnosed patients with intermediate-risk RMS in a recently concluded COG trial. 29 Third, there is a possibility that studying the two schedules in the relapse setting did not allow us to see the difference, because response rates are much lower than those in newly diagnosed patients. The better response rate in patients with alveolar RMS on regimen 1A is interesting. However, the significance of this finding is unclear since our study was not designed to compare response based on histology.
Patients who responded to the irinotecan-vincristine window continued to receive this therapy combined with other chemotherapy agents on this trial. Despite the additional therapy, the median survival time of these patients was similar to that in the historical report.
2 This highlights the fact that relapsed disease has a uniformly poor prognosis with present treatment strategies. Therefore, to improve survival in RMS, novel strategies are required either to improve the outcome for relapsed patients or to decrease the relapse rate in newly diagnosed patients. On the basis of the results of this trial, we have chosen the shorter, more convenient schedule of irinotecan for future front-line COG RMS clinical investigations.
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